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0 Milky Way extinction 0.0072
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Bias corrections
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1.4
Host relationa
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Fig. 7. Values
of coh determined
for seven subsamples
of the
Contamination
0.0008
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Peculiar velocity
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0.0
Hubble residuals:
low-z z < 0.03
and z > 0.03 (blue),
SDSS
Stat
0.0241
z < 0.2 and
z > 0.2 (green), SNLS
z < 0.5 and z >51.6
0.5 (orange),

and HST (red).

Notes. For the computation of stat (⌦m ), we include the diagonal terms
of Eq. (13) in Cstat .(a) We discuss an alternative model for the environmental dependence of the SN luminosity in Sect. 6.3.
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Fig. 1. Top and Bottom: The hosts of SN 2007kk (UGC 2828) and
SN 2005L (MCG+07-33-005), respectively, both classified as globally
star-forming (Childress et al. 2013b). Left: color images made using
observations from SNIFS and SDSS-III (Aihara et al. 2011). On both
images the field-of-view of SNIFS, centered on the SN position (whitestar marker), is indicated by the red central square. Right: H↵ surface
brightness maps of the SN vicinities (the generation of these maps is detailed in Sect. 2.3). SN 2007kk occurred in a passive environment more
than 1.5 kpc from the closest star-forming region, while SN 2005L is
located at the edge of such a region.

Fig. 10. Corrected Hubble residuals as a function of the total host stellar mass, showing the mass step. Markers follow the same color and shape
code as in Fig. 6. Top: total host stellar mass distribution per ⌃H↵ subgroup. Right: MBcorr distribution per ⌃H↵ subgroup (a) and per mode (b),
as shown in Fig. 8. Horizontal red and gray lines indicate M1 and M2 weighted mean values respectively. Central panel: Left and right green
horizontal lines indicate the weighted mean MBcorr of SNe Ia hosted by galaxies more or less massive than log(M/M ) = 10 (vertical gray line).
The di↵erence between those two magnitudes defines the “mass-step.”
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Fig. 8.0.4Top: Hubble diagram of the combined sample. The distance modulus redshift relation of the best-fit ⇤CDM cosmology for
a fixed H0 = 70 km s 1 Mpc 1 is shown as the black
0.2
line. Bottom: Residuals from the best-fit ⇤CDM cosmology as
a function of redshift. The weighted average of the residuals in
0.0
logarithmic
redshift bins of width z/z ⇠ 0.24 are shown as
black dots.
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istances from Type Ia supernovae (SNe Ia) were
scovery of the accelerating expansion of the uniutter et al. 1999; Riess et al. 1998). Among the
ation of surveys more than 600 spectroscopically
Ne Ia are available for cosmological analyses (e.g.
012). Thus, even today SNe Ia remain the strongest
technique for measuring the dark energy equation
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– host stellar mass (JLA)
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to the uncertainty
in ⌦ .
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Rigault et al. 2013
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The SNLS-5 years sample
CSP
CfAIII
CfAIV
SDSS
SNLS
Total

SN
19
84
53
441
397
994

Host photometry
7
55
34
389
397
882

Reference
SDSS footprint, SIMBAD
SDSS footprint, SIMBAD
SDSS footprint, SIMBAD
Sako et al. 2014
Hardin et al. 2017 (in prep.)

LSST-France 20/03/17

Filters/Instrument
ugriz/SDSS & JHK/2MASS
ugriz/SDSS & JHK/2MASS
ugriz/SDSS & JHK/2MASS
ugriz/SDSS
ugriz/MegaCam
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Local environment at ALL redshiWs

• Local and global photometry of 882 host
galaxies of SNIa at ALL redshiWs
• 3 kpc local radius
• rest-frame U-V colors by interpolaRng ﬂuxes
LSST-France 20/03/17
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Local environment at ALL redshiWs
• Local color as a third
standardizaRon
parameter
• 7σ signiﬁcance of the
magnitude step

ΔMB = -0.092 ± 0.013

– more signiﬁcant than
other variables (host
stellar mass, galaxy color)
– valid for diﬀerent redshiW
ranges
LSST-France 20/03/17

Roman et al. (2017, in prep.)
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Conclusions
• First analysis of local
environment of Type Ia
supernovae at all redshiWs
and for a large sample
• Local color correlates more to
Hubble diagram residuals
than host stellar mass, host
color
• Strong hint that luminosity
variaRons can be reduced
• Type Ia supernovæ can
become a major cosmological
probe again: dark energy,
expansion rate

LSST-France 20/03/17
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